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XQLTXHFDSDELOLW\RI WKH V\VWHP LV WKDW HDFK LQGLYLGXDO SRZHUHG ILQJHUFDQEHTXLFNO\ UHPRYHGE\ VLPSO\ UHPRYLQJRQH
VFUHZ
7KHSXUSRVHRIGHVLJQLQJDQDUWLILFLDOKDQGRUURERWLFKDQGLVWRUHSOLFDWHRULPLWDWHVHQVRU\PRWRUFDSDELOLWLHVRIKXPDQ
KDQG >@ 5RERWLF WHFKQRORJ\ LV DFWLYHO\ EHLQJ LQWURGXFHG LQ WKH GHYHORSPHQW RI QHZ PHWKRGV DQG GHYLFHV ZKLFK
FRQWULEXWHVLQDVVLVWLQJKXPDQOLPEVUHKDELOLWDWLRQSURFHVVHV$WSUHVHQWGXHWRWKHDGYDQFHPHQWRIURERWLFWHFKQRORJLHVLW
KDYH FKDQJHG WKHPHWKRG IURP XWLOL]LQJ JULSSHUV ZLWK RQO\ WZR ULJLG ILQJHUV DQG QR SKDODQJHV WR WKH GHYHORSPHQW RI
KXPDQOLNHKDQGVZLWKDWOHDVWWKUHHWRILYHIXQFWLRQDOILQJHUVHDFKZLWKWZRWRWKUHHSKDODQJHV>@$PDVWHUVODYHURERWLF
V\VWHPLVDSRSXODUWRROLQDSSOLFDWLRQUHODWHGWRUHKDELOLWDWLRQDQGUHPRWHKDQGOLQJRSHUDWLRQ>@7KLVV\VWHPHQDEOHVWKH
SHUVRQQHO WRPDLQWDLQ VDIHZRUNLQJGLVWDQFH IURPKD]DUGRXVZRUNHQYLURQPHQW >@0RUHRYHU LQ WKH ILHOGRIKHDOWKFDUH
VXFK DV WHOHVXUJHU\ DQG UHKDELOLWDWLRQ UHPRWH KDQGOLQJ WRROV LQYROYLQJ WKHXVDJH RI URERWLFKDQGV DUH DOVR HPSOR\HG WR
LPSURYHKXPDQOLPEVIXQFWLRQ7KHUHDUHPDQ\W\SHVRIILYHILQJHUVURERWLFKDQGZKLFKKHUHEHHQGHYHORSHGDQGPRVWRI
WKHP LQYROYH LQQRYDWLYH PHFKDQLVP RU P\RHOHFWULF FRQWURO V\VWHPV $V DQ H[DPSOH D ILYH ILQJHU DGXOW VL]HG
DQWKURSRPRUSKLFKDQGWKDWLVNQRZQDVWKH0RQWUHDOKDQGZLWKSDVVLYHDGDSWLYHFDSDELOLWLHVE\PHDQVRIDFOXWFKDFDEOH
V\VWHPDQGDVSULQJORDGHGSXOOH\PHFKDQLVPZDVGHYHORSHG>@
5DMLYDQG'RVKL KDGGHYHORSHG DPXOWLSOHPRWRUV DQG VHQVRU\ IHHGEDFN URERWLFKDQGZKLFKFDQJUDVS REMHFW
)URP ERWK FDVHV WKH URERWLF KDQG JDYH DPRUH KXPDQOLNH ILQJHU IXQFWLRQ %XW WKHUH DUHPDQ\ VHWEDFNVPDLQO\ GXH WR
RYHUVL]HRYHUZHLJKWDQGLWLVFRVWO\,WLVSURYHQWKDWWKHLPLWDWLRQLVDQHOHPHQWZKLFKLVLPSRUWDQWLQSURSHULPSURYHPHQW
RIVRFLDODQGFRPPXQLFDWLYHVNLOOV >@ 0LUURU9LVXDO)HHGEDFN09)WKHUDS\RUPLUURU WKHUDS\LVDQLPLWDWLRQPHWKRG








WKH QRUPDO KDQG 2QFH WKH JORYH LV ZRUQ WKH URERWLF KDQG ZLOO EH VXEVWLWXWH WKH SKDQWRP KDQG WKURXJK09) WKHUDS\





















JLYHQ WR WKLVKDQG JORYH7KHVHQVRU LVFRQQHFWHG WR DQ$UGXLQRPLFURFRQWUROOHU IRUDQDORJ VLJQDOGHWHFWLRQ7R UHDG WKH

































UXQWKURXJKWKHFHQWUHRI WKH$UWLILFLDO%LFHSDQG(OERZ7KHUHIRUHDQDQDORJ\ LVFRQVLGHUHGE\SODFLQJDOO WKHSUR[LPDO
DUWLFXODWLRQVRQDFRPPRQIOH[LRQDQGH[WHQVLRQ,WZDVXQGHUVWRRGWKDWLIWKHVSKHULFDOEHDULQJZDVFRQQHFWHGWRDQDUPLW























)LJD VKRZVDFXWDZD\ YLHZRI WKHFKDQQHOVZLWKLQ WKH ILQJHU IRU URXWLQJRI WKHFDEOHVXVHG IRU DFWXDWLRQ7KHVH
SDWKZD\VFPLQGLDPHWHUZHUHGHVLJQHGWRJXLGHWKHFDEOHVWKURXJKWKHILQJHUOLQNVVRDVWRGHFUHDVHWKHVWUHVVRQ






WR WKHPRGLILHGVSKHULFDO MRLQWVQDWXUDO VLGH WR VLGHPRWLRQZKHQ WKHFDEOHV IURP WKHSUR[LPDO MRLQW DUHSXOOHG)LJ E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7KHFKDUDFWHULVWLF RI IOH[VHQVRUKDVEHHQUHFRUGHG WKHIOH[VHQVRU LVD UHVLVWDQFHYDU\LQJVWULS WKDW LQFUHDVHV LWV WRWDO
HOHFWULFDOUHVLVWDQFHZKHQWKHVWULSLVIOH[HGLQRQHGLUHFWLRQLQWKHRWKHUGLUHFWLRQWKHUHVLVWDQFHGRHVQRWYDU\VLJQLILFDQWO\
VKRZQ LQ*UDSK7KLV DQJOH LVPHDVXUHGEHWZHHQ WKH WZR WDQJHQW OLQHVDW WKHHQGVRI WKH IOH[VHQVRU¶VERG\7KH IOH[
VHQVRUKDVD W\SLFDOHOHFWULFDO UHVLVWDQFHYDULDWLRQZKHQIOH[HGRUEHQW)URP WKHH[SHULPHQW UHVLVWDQFHYDOXHDJDLQVW WKH
IOH[VHQVRUEHQGLQJDQJOHFDQEHSORWWHGDVVKRZQRQ)LJ7KHH[SHULPHQWVKRZVWKDWZKHQIOH[VHQVRULVEHQGLQZDUG
UHVLVWDQFHYDOXH LQFUHDVHGVLJQLILFDQWO\DV WKHDQJOHRIIOH[VHQVRU LVEHQGIXUWKHU+RZHYHUZKHQLW LVEHQW RXWZDUG WKH
















VXUIDFH  WLPHV DQG WKH JUDSK VKRZVSHDNVZKLFK VXJJHVW WKDW WKH VHQVRU FDQEHXVHG WR GHWHFW EHQGZKHQ WKH JORYH
EHQGLQJDQG %\DWWDFKLQJ WKLV VHQVRU WR WKHJULSSHUILQJHUWLSV WKHIOH[VHQVRUZLOO DFWDVDGHWHFWRUZKLFK













































VHQVRUDFWLYHVXUIDFHWLPHVDQGWKHJUDSKVKRZVSHDNVZKLFKVXJJHVW WKDW WKHVHQVRUFDQEHXVHG WRGHWHFWIRUFH
ZKHQSUHVVXUHDSSOLHGWR3RO\PHU%\DWWDFKLQJWKLVVHQVRUWRWKHJULSSHUILQJHUWLSVWKHIRUFHVHQVRUZLOODFWDVDGHWHFWRU
ZKLFKVHQGVGDWDWRWKHPLFURFRQWUROOHUWRLQIRUPDERXWWKHJULSSHULVJUDVSLQJDQREMHFW>@>@>@:HH[SHFWHGWREH


















































































WKHILQDOGHVLJQRI WKHDUWLILFLDODUP7KHDUWLILFLDODUPZDVGHYHORSHGVSHFLILFDOO\IRU WKH ULJKWDUP>@>@>@>@>@
:KLOHD6PDUW*ORYHZKLFKFRQWUROVDOOWKHVHUYRPRWRUVLQVLGHWKHDUWLILFLDODUPDUHZRUQRQWKHOHIWRIWKHVXEMHFW¶VKDQG
UHIHU)LJDDQG)LJE7KHPDLQDLPRI WKHVHH[SHULPHQW LV WRYHULI\ WKHPRYHPHQWRI WKHDUWLILFLDODUP WRPRYH
DFFRUGLQJWRWKHPRYHPHQWRIWKHOHIWDUPDQGDOVRWRPHDVXUHWKHDQJOHEHWZHHQWKHZULVWDQGVKRXOGHUZKHQWKHVXEMHFW




7KH GLIIHUHQW NLQHPDWLF VWUXFWXUH RI KXPDQ DQG URERW KDQG UHTXLUHV WKH LPSOHPHQWDWLRQ RI DSSURSULDWH IRUFH DQG
SRVLWLRQ 7KH HYDOXDWLRQ LQ ILUVW UHDO KDUGZDUH H[SHULPHQW VKRZHG D JRRG DQG SURPLVLQJ SHUIRUPDQFH RI WKH SRVLWLRQ
PDSSLQJ DV D YDULHW\ RI GLIIHUHQW JUDVS W\SHV UDQJLQJ IURP SUHFLVLRQ WR SRZHU JUDVSV FDQ EH SHUIRUPHG 7KH GHVLJQ
DSSURDFKEDVHGRQFDEOHPHFKDQLVPKDQGJULSSHULQDQRYHODUWLILFLDODUPKDVEHHQSURSRVHGDQGDSSOLHGWRWKH$UWLILFLDO
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